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GAS SEPARATION APPARATUS AND METHODS 

Field of the Invention 
The present invention generally relates to the separation of gas from a gas/solid 
mixture or a gas/liquid mixture. More specifically, the present invention relates to novel 
5 separation apparatus and methods useful for separating gas from a gas/solid mixture or gas 
from a gas/liquid mixture more efficiently than can be done with apparatus and methods of 
the prior art. 

Background of the Invention 
Cyclone separators ("cyclones") comprise well known means for separating gases 

10 and solids from mixtures of the same. Cyclones generally are constructed of a tubular or 
cylindrical-shaped main body connected to a lower tapered conical portion. A tangential 
side inlet is provided near the top of the cylindrical main body. A gas outlet tube is 
provided and generally extends downwardly through the cyclone top into the main body of 
the cyclone. The tube usually must extend down to a level slightly below the lowest portion 

15 of the inlet to assure separation of solids and gases. 

In operation, solids-laden gases are introduced at high velocity through the 
tangential inlet. The solids, which are heavier than the gases, are thrown against the walls 
of the cyclone by centrifugal force. Gravity then causes the solids to fall toward the bottom 
of the cyclone. The separated gas follows a vortex path upwardly and passes out of the top 

20 of the cyclone through a gas outlet. The gas stream passing out of the top of the cyclone is 
commonly referred to as the gas overflow. The separated solids exit the cyclone through a 
solids outlet (also commonly referred to as a discharge outlet) at the base of the tapered 
conical section. These separated solids are typically referred to as cyclone dust, waste 
solids, or the discharge underflow. 

25 One example where cyclones are used to separate gas from a gas/solid mixture is in 

the production of titanium dioxide ("Ti02"). The chloride method for producing Ti02 
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involves first producing titanium tetrachloride ("TiCU") via the chlorination of titanium 
values in a titanium-containing starting material and then reacting the TiCU with oxygen to 
produce a gas/solid mixture comprising chlorine gas and particulate Ti02. Typically, the 
TiC>2 product is recovered from the gas/solid mixture using a cyclone and the gas is 
5 typically recycled back into the process and used to chlorinate additional titanium- 
containing values in the titanium-containing starting material to produce TiCU. 

The separation of gas from a gas/solid mixture by a cyclone is not 100 percent 
efficient. Generally, the gas exiting through the gas outlet will carry some solids with it and 
the solids exiting the cyclone through the solids outlet will be accompanied by some gas as 

10 well. The solids exiting the cyclone through the gas outlet are typically filtered out by 

mechanical means. Typically, the gas exiting the cyclone through the solids outlet must be 
allowed to escape from the solids or, if that is not an acceptable solution, a means of 
scrubbing or neutralizing the gas must be employed. If the gas is the desired product, then 
gas exiting the cyclone through the solids outlet represents an undesirable yield loss in the 

15 process. If the gas is intended to be recycled from the gas outlet to the particular process 
giving rise to the gas/solids mixture (as is the case with chlorine gas in the chloride method 
described above for producing TiOi), then gas exiting the cyclone through the solids outlet 
must be replaced as it is lost. 

Summary of the Invention 

20 The present invention reduces the amount of process gas lost through the discharge 

outlet of either a cyclone separating gas/solid mixtures or a hydroclone separating gas/liquid 
mixtures. Significant savings are realized by minimizing losses and neutralization costs. 
The present invention provides for novel gas separation apparatus and methods. In 
accordance with the present invention, a cyclone or hydroclone is placed within a 

25 containment vessel that creates a contained atmosphere common to both the gas outlet and 
the discharge outlet. Process gas mixed with the solids or mixed with the liquids in the 
discharge underflow are displaced from the discharge underflow and contained within the 
containment vessel. The displacement of the process gas is facilitated by an introduction of 
a small amount of purge gas to the discharge underflow exiting the cyclone or hydroclone 

30 via the discharge outlet. The mixture of displaced process gas and purge gas migrates to the 
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top of the containment vessel where it is merged with the gas overflow exiting the cyclone 
or hydroclone via the gas outlet. 

Description of the Drawing 
The present invention is illustrated by way of example in the following drawing in 
5 which like references indicate similar elements: 

FIG. 1 illustrates a cross-sectional view of a gas separation apparatus according to 
the present invention. 

FIG. 2 illustrates the upper portion of a gas separation apparatus according to the 
present invention. 

10 Detailed Description of Preferred Embodiments of the Invention 

In the following detailed description of preferred embodiments of the present 
invention, reference is made to the accompanying Drawing, which forms a part hereof, and 
in which is shown by way of illustration a specific embodiment in which the present 
invention may be practiced. It should be understood that other embodiments may be 

15 utilized and changes may be made without departing from the scope of the present 
invention. 

The present invention concerns a novel gas separation apparatus that returns process 
gas from the discharge outlet of a cyclone or hydroclone to the gas outlet of the cyclone or 
hydroclone and so reduces the amount of process gas otherwise lost through the discharge 

20 outlet of the cyclone or hydroclone. In accordance with the present invention, a cyclone or 
hydroclone is positioned within a containment vessel, with the containment vessel creating 
a contained atmosphere common to both the gas outlet and the discharge outlet. Typically, 
the containment vessel is a pressurized vessel. The cyclone or hydroclone is not required to 
be pressurized. The containment vessel is in communication with the gas outlet and with 

25 the discharge outlet of the cyclone or hydroclone. By this, it is meant that there exists 

sufficient space between the inner wall of the containment vessel and the outer wall of the 
cyclone or hydroclone to allow gas to travel from the discharge outlet to the gas outlet. 
During operation of the cyclone or hydroclone, process gas is displaced from the discharge 
underflow and contained within the containment vessel. The displacement of the process 
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gas from the discharge underflow is facilitated by the introduction of a purge gas stream to 
the discharge underflow exiting via the discharge outlet. The purge gas stream is in 
communication with the discharge outlet and in communication with the containment 
vessel. By this, it is meant that the purge gas stream is introduced to the discharge 
5 underflow exiting the discharge outlet and the mixture of purge gas and displaced process 
gas can enter the containment vessel. The mixture of purge gas and displaced process gas 
migrates to the top of the containment vessel where it is merged with the gas overflow 
exiting via the gas outlet. Because the amount of purge gas and the amount of displaced 
process gas is small relative to the volume of the containment vessel, the gas velocity inside 
10 the containment vessel is low. The purge gas flow is generally countercurrent to the 

discharge underflow and the flow is not so large as to re-entrain solids or liquids into the 
gas stream. 

In a first embodiment, a cyclone separator is used to separate gas and solids from a 
gas/solid mixture, for example, as produced during the production of TiC>2. Solids-laden 

15 process gas (that is, a gas/solid mixture) is introduced at high velocity through a tangential 
inlet. The solids, which are heavier than the gas, are thrown against the walls of the cyclone 
by centrifugal force. Gravity then causes the solids to fall toward the bottom of the cyclone. 
The separated process gas (that is, the gas overflow) follows a vortex path upwardly and 
passes out of the top of the cyclone through the gas outlet. The separated solids (that is, the 

20 discharge underflow) flow through the discharge outlet at the base of the tapered conical 
section of the cyclone. Generally, the discharge underflow has a majority portion of solids 
and a minority portion of process gas. 

Turning now to the Drawing, Figure 1 shows a cross-sectional view of a gas 
separation apparatus 100 in accordance with the present invention. The gas separation 

25 apparatus 100 comprises a cyclone 102 positioned inside a containment vessel 104. In 
operation, solids-laden process gas 106 enters the cyclone 102 at high velocity through a 
tangential inlet 108. The solids, which are heavier than the gas, are thrown against the walls 
of the cyclone 102 (initially in the cylindrical-shaped main body portion) by centrifugal 
force. Gravity then causes the solids to fall toward the bottom of the cyclone 102. The 

30 separated gas 110 (that is, the gas overflow) follows a vortex path upwardly and passes out 
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of the top of the gas separation chamber 102 through a gas outlet 112. The separated solids 
1 14 (that is, the discharge underflow) flow through a discharge outlet 1 16 at the base of the 
tapered conical section. 

A purge gas stream 1 18 is introduced to the discharge underflow 1 14 as the 
5 discharge underflow 1 14 exits the gas separation chamber 102 via the discharge outlet 1 16. 
The introduction of the purge gas stream 1 18 to the discharge underflow 1 14 causes 
displacement of process gas from the discharge underflow 1 14. The displaced process gas 
mixes with the purge gas and the gaseous mixture 120 migrates up through the containment 
vessel 104 surrounding cyclone 102. In this manner, the purge gas stream is said to be in 

10 communication with the containment vessel 104 and in communication with the discharge 
outlet 116 through which the discharge underflow 114 exits the cyclone 102. The cyclone 
102 is positioned inside the containment vessel 104 in a manner that leaves sufficient space 
between the gas separation chamber 102 and the containment vessel 104 to allow the 
passage of the gaseous mixture 120. The gaseous mixture 120 of purge gas and displaced 

15 process gas migrates to the top of the containment vessel 104 where it is merged with the 
gas overflow 110 exiting the cyclone 102 via the gas outlet 112. The gaseous mixture 120 
passes through one or more gaps in the gas outlet 1 12 and is thereby merged with the gas 
overflow 110, forming a second gaseous mixture 122 that exits the gas separation apparatus 
100 via the gas outlet 112. 

20 The gaps in the gas outlet can be formed by overlapping pipe sections as shown in 

Figure 2. Figure 2 illustrates the upper portion of a gas separation apparatus 200 of the 
present invention. The gas separation apparatus 200 comprises a cyclone 202, a 
containment vessel 204, a first gas outlet section 206, and a second gas outlet section 208. 
The second gas outlet section 208 and the first gas outlet section 206 overlap in a manner to 

25 produce one or more gaps between the two sections. Process gas 210 from the cyclone 202 
moves up through the first gas outlet section 206 and into the second gas outlet section 208. 
The mixture 212 of purge gas and process gas migrates up through the containment vessel 
204 and enters the second gas outlet section 208 through the one or more gaps between the 
two gas outlet sections. Both the process gas 210 from the cyclone and the mixture 212 
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from the containment vessel continue up through the second gas outlet section 208 in the 
direction indicated 214. 

In a second embodiment, the device 102 is a hydroclone separator and the gas 
separation apparatus 100 is employed to separate process gas from a gas/liquid mixture. 
5 According to this second embodiment, a gas/liquid mixture is introduced at high velocity 
through a tangential inlet. The liquid, which is heavier than the gas, is thrown against the 
walls of the hydroclone (initially in its cylindrical main body) by centrifugal force. Gravity 
then causes the liquid to fall to the bottom of the hydroclone. The separated process gas 
(that is, the gas overflow) follows a vortex path upwardly and passes out of the top of the 

10 apparatus 100 through the gas outlet. The separated liquid (that is, the discharge underflow) 
flows through the discharge outlet at the base of the tapered conical section of the 
hydroclone. Generally, the discharge underflow has a majority portion of liquid and a 
minority portion of process gas. Just as in the first embodiment described above, a purge 
gas stream is introduced to the discharge underflow to help displace process gas from the 

15 discharge underflow and the mixture of purge gas and displaced process gas is allowed to 
migrate up through the containment vessel and is merged with the gas overflow. 

In one preferred embodiment, a gas separation apparatus is used to separate chlorine 
gas from Ti02 particles. A substantial reduction in the loss of recycled chlorine gas can be 
obtained. In this preferred embodiment, preferred purge gases include nitrogen and carbon 

20 dioxide. 

The particular purge gas utilized may depend on the particular application of the 
present invention. Criteria to be considered when choosing a purge gas might include 
process impact, corrosion issues, costs, etc. For example, one might choose a purge gas that 
allows the gas mixture exiting the cyclone or hydroclone through the gas outlet to be 

25 recycled without having to first separate the purge gas from the mixture. 

The present invention provides for more complete separation of process gases from 
either a gas/solid mixture or a gas/liquid mixture. While the present invention has been 
described in detail with respect to specific embodiments thereof, it will be appreciated that 
those skilled in the art, upon attaining an understanding of the foregoing, may readily 

30 conceive of alterations to, variations of and equivalents to these embodiments. 
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Accordingly, the scope of the present invention should be assessed as that of the appended 
claims and by equivalents thereto. 
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